ABSTRACT A monoclonal antibody, PVR-1, was obtained after hybridization of X63Ag8.653 murine myeloma cells with spleen cells from a mouse immunized with human lymphocytes. It recognizes a 175,000-to 185,000-dalton surface antigen present on -"80% ofnormal human peripheral T lymphocytes, 50% ofnon-T non-B cells, and < 10% of B cells as determined by complementdependent microcytotoxicity. It is also present on various leukemia T cells, on some but not all T lymphoblastoid cell lines, and on a small fraction of some B lymphoblastoid cell lines. Some B-cell chronic lymphocytic leukemia cells also express the PVR-11 antigen. Functional analysis of normal human T lymphocytes demonstrated that the PVR-11-depleted T-cell subset contains the precursors ofboth cytotoxic and suppressor cells but lacks helper cells. On the other hand, cytotoxic effector T cells express the antigen. These results demonstrate that antigenic determinants with relatively wide tissue distribution can dissect functionally distinct human immunoregulatory T-cell subsets.
During the last several years, a number of antibodies that recognize distinct surface membrane antigens on human T lymphocytes have been described. These antibodies have different specificities that can be grouped into at least three distinct categories. The first group includes antibodies reacting with all or nearly all normal peripheral T lymphocytes. Elimination of the cells reactive with these antibodies abrogates all T-cell dependent functions (1) (2) (3) (4) . The second group consists of antibodies that recognize determinants restricted to cells ofT-cell lineage and dissect subsets of functionally distinct T lymphocytes (5) (6) (7) (8) (9) (10) (11) (12) (13) . Antibodies in these first two groups, which have been developed either by conventional means or by somatic cell hybridization techniques (14) , react minimally or not at all with normal B lymphocytes, B lymphoblastoid cell lines (B-LCL), or B cell chronic lymphocytic leukemia (B-CLL) cells.
The third group includes antibodies recognizing antigens common to both normal peripheral T lymphocytes and B-CLL cells. Those initially reported were heteroantibodies generated by immunization of rabbits with leukemic T cells (15) , thymus (15, 16) , or brain (17) . More recently, monoclonal antibodies recognizing single antigenic determinants of69,000-71,000 and 65,000 daltons on T cells and B-CLL cells have been reported (18) (19) (20) .
The functional significance of these cell surface antigens expressed on both T Isolation of Human T-Cell Subsets. The isolation of T-cell subpopulations by C-mediated lysis with monoclonal antibodies has been described (13) . Peripheral T lymphocytes were also separated into OKT4+ and OKT4-cells by positive selection with antibody-coated erythrocytes as described (23) .
Labeling and Immunoprecipitation ofCell Surface Proteins. Purified T cells were cultured for [4] [5] [6] days in phytohemagglutinin [PHA (Difco)] at 10 ,ug/ml to obtain PHA-activated T cells.
The surface proteins were externally labeled with "2I by using 1,3,4,6-tetrachloro-3,6-diphenylglycoluril (IODO-GEN, Pierce), immunoprecipitated, and then electrophoretically analyzed as described (10) . After labeling, cells were extracted with 1% Nonidet P-40 in 2 mM phenylmethanesulfonyl fluoride/10 mM iodoacetamide/10 mM Tris'HCl, pH 8.0. All extracts were cleared with [3] [4] ,ul of normal mouse serum prior to specific immunoprecipitation with [2] [3] ,ul of purified PVR-11 (2 mg/ ml).
Functional Assays. Polyclonal induction and suppression of antibody-secreting cells. The culture conditions and the reverse hemolytic plaque assay for the assessment ofinduction and regulation of plaque-forming cell (PFC) generation has been described in detail (13 Cell-mediated lympholysis. Lympholysis by putative killer cells generated during mixed lymphocyte culture was assessed on 51Cr-labeled target cells in a 5 hr assay as described (21) . Percentage cytotoxicity was calculated as in the microcytotoxicity assay. Spontaneous release was the 51Cr release from target cells incubated with medium alone. (Fig. 3A, lane a) . Other faint bands of lower molecular weight were also present, but these were nonspecific contaminants because they also appeared in the control body did precipitate bands (175,000-185,000 daltons) from the T-cell line HSB-2 (Fig. 4, lane a) and from normal peripheral blood T cells (Fig. 4, lane c) . A control experiment using the monoclonal antibody W6/32 (27) to precipitate the 44,000-and 12,000-dalton bands of HLA from peripheral blood T cells (Fig.  4, lane d) triggered B-cell differentiation is dependent on OKT4' T lymphocytes (13) . Therefore, we compared the helper capacity of PVR-11-depleted T lymphocytes to that of OKT4' T lymphocytes. To 2 X 106 B cells were added various numbers of either OKT4' or PVR-11 depleted T cells, and the cell mixture was cultured for 5-6 days with PWM. Antibody production was measured by the reverse hemolytic plaque assay. The data clearly indicate that PVR-11-depleted T cells do not have helper capacity (Fig. 5) . Thus, helper T cells are included in the PVR-11+ subset.
(ii) Suppression. The OKT4' T-cell-induced antibody production by B cells can be suppressed by addition ofOKT8 lymphocytes (13) . Various numbers of either OKT8' or PVR-11-depleted T cells were added to cultures containing 2 x 106 B lymphocytes, 5% OKT4' T cells, and PWM (Table 3) . PVR-11-depleted lymphocytes were able to suppress antibody production to the same extent that OKT8+ lymphocytes did. Thus, *suppressor cells are contained within the PVR-11-T-cell subset.
Cell-mediated cytotoxicity by PVR-11-depleted T lymphocytes. Equal numbers of either normal or PVR-11-depleted T lymphocytes were cultured for 6 days with irradiated allogeneic E-cells and tested for the generation ofcytotoxic T cells. PVR-11-depleted T cells were able to generate cytotoxic T cells (Fig.  6A) . In contrast, when-untreated T lymphocytes were cultured for 6 days in mixed lymphocyte culture and then depleted of PVR-11 reactive cells, the already committed cytotoxic effector T cells were eliminated (Fig. 6B) . Taken together, these data demonstrate that precursors of both suppressor and cytotoxic T cells are contained within the PVR-1ll-subset. On the other hand, helper cells and cytotoxic effector Tcells express the PVR-11 determinant.
DISCUSSION
The monoclonal antibody described in this report, designated PVR-11, recognizes a cell surface determinant present on a subset of normal peripheral T lymphocytes and on some but not all established human T-cell lines. The T-cell subset recognized by PVR-11 contains the helper cells necessary for the PWMtriggered polyclonal induction of B-cell differentiation. In contrast, the T-cell subset remaining after depletion of PVR-11-reactive T cells contains the suppressor cells that negatively regulate the induction of B-cell differentiation. Thus, viewed from the universe of cell surface molecules present on T cells, the antigen recognized by PVR-11 represents a differentiation antigen which can distinguish functionally distinct immunoregulatory T-cell subsets. Further support for this concept came from studies demonstrating that depletion of PVR-11-reactive T cells does not alter the generation of alloreactive cytotoxic effector cells. However, the PVR-11 determinant can be detected on already committed cytotoxic effector T cells. This latter finding suggests that either the PVR-11 antigen becomes expressed after allo-activation, or it is present on the precursor cytotoxic cells but at an antigenic density or distribution not detectable by C-mediated lysis.
Although this distribution of the PVR-11 determinant is distinct on functionally different T-cell subsets, the overall tissue distribution of this antigen is not restricted to T lymphocytes. (31, 32) .
It is of considerable interest that PVR-11 is also expressed on some but not all B-CLL cells. Comparison ofPVR-11 to other monoclonal antibodies recognizing antigens on normal T cells and B-CLL cells reveals distinct differences. First, all of the previously reported antibodies have been found to be nonreactive with normal peripheral B cells or monocytes. Second, unlike the other antibodies, PVR-11 reacts with a small but definite proportion of some B-LCL. Finally, and perhaps most importantly, PVR-11 precipitates an antigen of 175,000-185,000 daltons, whereas the previously described antibodies detect antigens of much smaller size (i.e., 65,000-71,000 daltons).
This protein band precipitated by PVR-11 is broad enough to be a doublet, perhaps with more than one protein sharing the same antigenic determinant or alternatively, there may be some heterogeneity in glycosylation. It is of interest that the PVR-11 antigen is strikingly similar in band shape and molecular weight to some of the bands recognized by the rabbit heteroantisera C-51 and anti-JAN on various T-cell lines and activated T cells (33) . However, sequential immunoprecipitation experiments (not shown) suggest that those heteroantisera recognize antigens unrelated to the PVR-11 antigen. Other investigators studying mouse (34) (35) (36) and human (37) resting and activated T cells have detected multiple proteins in the 170,000-to 190,000-dalton region. PVR-11 might be useful in sorting out these previous results and also might provide further insight into the relationship between specific surface determinants and cell activation and function.
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